The aim of this research was the analysis of the possible antagonistic effect of Penicillium oxalicum over the pathogen rice fungus A. alternata under different conditions of temperature, water activity and culture media. The macroscopic study of the dual growth revealed that according to the Index of Dominance P. oxalicum was more competitive that A. alternata at 25ºC whereas at 15ºC was this species. Microscopic analysis showed that P. oxalicum was a mycoparasite of A. alternata at all conditions tested. The antagonist penetrated into A. alternata and disintegrated its conidiophores and conidia. The results suggests that P. oxalicum may be a possible biological control agent of the rice pathogens in a future.
INTRODUCTION
Alternaria alternata (Fr.) Keissler is a pathogen fungus of several crops causing losses of different consideration. Also this species is known to produce several mycotoxins in foods: alternariol, alternariol monomethyl ether, etc.
Rice grains are frequently contaminated with various
Alternaria species, particularly A. alternata and its presence has been reported in different worldwide areas (1, 12, 13, 18) .
In this cereal the strain produces a reduction of the initial quality: undesirable caryopsides' colorations, brittle grains, weight loss, reduction of nutritional constituents, etc.
Application of chemical fungicides is a common management strategy to combat the pathogens on rice (5, 20) .
But it is essential the application the respectful alternatives with the environment. The success of biological control agents for the control of others crops pathogens fungi require researches of new organisms for a possible future control of these strains on the different production phases. Few studies have been carried for the determination of the biological control agents of rice fungi. Currently no available biocontrol agents of these important cereal pathogens exist for its commerzialitation.
The aim of this research was the analysis of the possible antagonistic effect of Penicillium oxalicum over A. alternata under different conditions of temperature and water activity.
The experiment was undertaken macroscopically and microscopically using both light microscopy (LM) and cryoscanning electron microscopy (cryo-SEM).
MATERIALS AND METHODS

Microscopic fungi
The fungus Alternaria alternata was isolated from samples of rice grains collected from different rice fields and cooperatives of the main rice producing areas in Valencia.
Ecophisiological study
The ecophisiological study of the two fungi was carried in To maintain the water activity during the testing period, Petri plates of the same value were placed in polyethylene boxes containing solutions with the corresponding water activity value. Water activity was checked using an Aqualab Inc., Herndon, Virginia, USA) was used in the study.
Macroscopic study of the interaction
Rice Extract Agar at three water activities (0.995, 0.98 and 0.95) was the substratum used for the macroscopic study of the interaction. After the ecophisiological study the Petri plates were incubated a period of eight weeks for the determination of the interactions.
According to method proposed by Magan and Lacey (9), the interactions were determined and numerical scores were To maintain the levels of water activity, filter paper disks impregnated with different solutions (0.995, 0.98 and 0.95 aw:
2.5, 11 and 23.5 g glycerol/100 ml distilled water) were Interactions between P. oxalicum and A. alternata aseptically placed on the Petri plates. For the analysis of fungal interaction in rice grains, first the samples were sterilized with a solution of sodium hypochlorite and were deposited 48 h in the solutions described above for setting the water activities.
The study was conducted in the same conditions that the analysis in the synthetic medium, except for the strains that were inoculated 3 mm apart. For cryo-scanning electron analysis no coverslips were deposited on the substrates (16).
The plates with the dual microculture in Rice Extract Agar and rice grains were incubated a period between 7-30 days depending on both temperature and water activity. Figure 1 shows the growth rates of Penicillium oxalicum Dual growth of P. oxalicum and A. alternata was significantly affected by the simple factors: water activity, temperature, species and the interactions (a w x T, a w xE) (P <0.01). The dual factor TxE had a significant effect (P <0.05) ( Table 1) .
RESULTS
Growth at different environmental conditions
Initially the inoculation of both isolates in the same substrate not affected their growth. Later the colonies came into contact, the interaction significantly influenced their development.
Interactions according to the method of Magan and Lacey
When P. oxalicum and A. alternata were inoculated on Rice Extract Agar, three type of interactions were registered at the different conditions experimented (Figure 2 ). At 0.98 a w Interactions between P. oxalicum and A. alternata and both temperatures A. alternata inhibited P. oxalicum on contact. Both species continued growing until both colonies came into contact. Later, A. alternata grew over P. oxalicum.
The same type of interaction was registered at 0.995 a w and 15ºC.
Mutual antagonism on contact of both isolates at 0.95 a w and 15ºC was observed. At the rest of conditions P. oxalicum inhibited A. alternata on contact. 
alternata.
According to the Index of Dominance, P. oxalicum was a species more competitive that A. alternata at 25ºC (Table 2) .
Macroscopically, in all abiotic factors tested, no apparent changes of P. oxalicum and A. alternata colonies were observed. Cultural characters appeared similar to that of the fungi in singles cultures at the different temperatures and water activities. (X) Analysis of interaction was discarded.
Efficacy of P. oxalicum isolate against A. alternata on different substrates
Microscopic analysis of the interactions on Rice Extract
Agar and full rice grains revealed that P. oxalicum was a mycoparasite of A. alternata at all conditions of temperatures and water activities.
Alternaria alternata sporulated at the same environmental conditions that when this fungus were inoculated individually (0.995 a w to 0.95 a w at both temperatures), but P. oxaliucm parasited the different reproductive structures of the pathogen when the isolates were grown dually. This rice pathogen species in REA medium and full rice grains presented septate hyphae and pluricellular conidia with transverse and, in some cases, longitudinal septa irregularly distributed, ovoid, pyriform, ellipsoidal or oval-shaped, brownish in colour, with rough surface ornamentation, which were born from simple walled conidiophores with smooth walls, or from the previous spore, giving rise in this case to a chain that tends to get 
